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: 1 .AW *$! " AiV ti'TVSLMlC.a. !„ U*i Ff. S 

/«T-tT 

Tito in vtT i*ly»ic*l  *vrlw i* r.t* d tuurti! i.ireni»ibii.  'i It cotitfiucrtfo 

r«laitv# AIM« itVHf't.vnc U|HNi cii« icint u: vi«v of  ihr olctirvrr. In our bOcUl 

worlJ, tltM* Li »tn ««ctiv« and al^o t'TMula on thv  pirnpwcciv« of the obirervor. 

In »rc<j2 ^clcnc« mcorlcii;. am ctipirical Mvilysls, honovur, Clue it 

treated a« ar atnolutv contir.uus aian; which all t:v/nca anc entitles exlatinp 

at the eatie tinc have the saae tec^tiel stat-j«. Ihl» ie true, for exanple, In 

all theoretical vorh In ir xiimf  the uxlatotice of an absolute calendar tlce la 

aaauMO. The ourpor.c of thin paper it  to help alter the dependence on this 

alnßular view of tine ly  ir.corporatlii' In a field theory of international 

relations the noticnr of cubjeccive (social) a:id r.iulcidim«n:«lunal tiiue. 

In t'.-.c rer>refcncatiott developed here, tire is  treated ua  a aet of 

diaicnaiona uhici*, <Jont with social dlraenciotis, (iencrlbc the social space of 

nations. Attributes am: behavior of nationr. hove prelections on the^e tire 

dinensions contingent on a nation's change tl'tough calendar tine. Iiations are 

differently located on the tine uiKicnsions in terns ol their relative nagnitudes 

on the attributcn related Co tine euc  their change in tiue on these attributes. 

Social tire in International relations is then repre&enteci as being 

dependent on the observer nation. In iielc theory terns, cistonces (for the 

same calendar tir.e) between nation actor and object can be computed on the social 

time dinensions ami treateü as social forced affecting the behavior of one 

nation to another. 



I'imt cxpcricT.ct* t«.'acli«s ur i:. i'uit one aiethi'd or rcprc- 
•onCatior 1« iior« «fipropritrt th.r. anotit-r lii cl.t« ncnr.c 
thit • ».«p ot  the oarth is norc ipnrcrri.ite on ti.c 
surface of the .^ti-arc titan on r nlino. '.he  authority 
i'i ich vc fon rriy attritutec to ehe l.vs of nature In one 
way hau  no»/ to ■•« «ttrlhute« In another to the lo«;ic of 
our uetiioc of runrfxantatlon, nancly, ir. tiiir. way, tlat 
if i/o './Ir.h to :.!al;e pictures of cne rorlu flccurdlnf: tc D 

particular Gcl.eno, ti.en v* cn;st fcllot; the rules cf thr.t 
•eher e. Tlila ie net to Hay that tin. sciicr..e flttcrnines 
what mist be the form of the acturl pictures v;e drat/, but 
it docs cecloe vi'at pictures are porsible .... Ihus i dat 
ve heve ctllea lev/s of nscure are the Ir.v/s of our uethots 
of rcnresei.tlnf: it. (l;.taon, ICof., r, ^3w) 

i.    iirTnoDLCTior 

'./hat Is tine? If rnythln;-, seer^j to be acsuned by stuteiits of international 

relations, it is that tire ita;? en objective meanlnr. Titnc car. re callbratcc. 

Events can ho.  tanged as to their day, hour, ane tnir.ute. hud  natiens oru^r their 

behavior in correspondence with a fi::eü, universally relevant, standard of tine 

which has linear extension lr> the past, prerent, and future, 

I7hile tine, thus partitioned, measured, and stamiaruir.^d, stt-ipfies 

practical need and conrnon sense, dons tills ueeply ingrained orientation reprepent 

the only scientific reality ~ the reality which is cons trainee aro nolded by our 

scientific frameworks and theories? 

If {"ikexi  aiiout physical reality a century apo, tlüc question v;oulü have 

been conyidered silly, at best. For in the i'ewtonian worlct view then pemcatins 

scientific theories and common sense perceptions alike, tino am! spece were 

absoluter. Although the units veto  arbitrary, there was an unaerlyinf, linear 



reality — « ctM.ttant i LO\   CöJ leu ti'c — r. aii.^t witlcl. ail clii.n.t! ana cation 

could be r.flu; t'd« 

Still reeling fror, tu» lundiir.iuntr.l in«! ir.ti-llfctually revolutlonnry 

construction of  nun-i ucllue.-m ;•• otn'trit»: , n nocond tuiiumicntal blow wai> struck 

by Einstein at the bi.t..lnnit
,i cf this century by hi» tfvory of  relativity. For 

tinatein, and fur t!ic coutenprrnry mitural boienccs «.hoot- crientntlon towards tlma 

has been shencu hy the tl'tory of relativity, tine is n fourth dinension or physical 

space. It in  a coordinate a::l8 which, alonjj with the three a'.-es of physical space, 

is subject to litwir transfoniations. Tine Is not fixed, but relative to the 

2 
notion of objects in space* More fundamentally, tine in  relevant to the observer. 

This fundamental break with the ?!et.'tonian world view was difficult for 

science to accept at fiist.  The tlitory of relativity remilred two major trans- 

fofnations in thought, neither of which were easy by Itself, First, the theory 

1 
Tlie developnent of non-Luc.1 idem fjeonetriec proved that Euclidean geometry was 

not the only consistent geometry possible. It vac,  clear that geometries that stand 
on equal nathematlcal footing with  l.uclidean geometry, i;hile being contradictory to 
it, could uc  formulated. See Ka^el (1961, Chapter 9). 

2 In the words of Camow (1962, p. <-8» italics omitted), "two events considered to 
be simultanecus fron the point of vlev; of nie observer will from the point of view 
of another be separated by a certain tine interval." Gamow provides a clear 
conceptual introduction to the theory of relativity and the role of »pace and time 
within it. On the philosophical implications of Einstein's treatment of time, see 
Grllnbaum (1963), On the general philosophical implications, see Schilpp (1949) and 
Einstein (19i)4), 

■* In the full neaninp of the concept, the shift from Newtonian to Kinsteinian 
theories was a clicn;.;e in Inconr.ensuraLle paradigms. The transformation of view 
involves literally a switch in visual jestalt from one world to the next. "In a 
sense that I an unable to explicate further, the proponents of competing paradigms 
practice their trades In different worlds. One contains constrained bodies that 
fall slowly, the other pendulums that repeat their notions apain and again. In 
one, solutions are conpouuds, in the other mixtures. One is imbedded in a flat, 
the other in a curved, matrix of space, Practicinjj in different worlds, the two 
groups of scientists seo different things when they look from the sane point in the 
sane direction," (Kuhn, 1962, p. 149). 
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wan a cliaiii,.«.- in coiie«.. rticj ot-i»""« ot Ion, '. c\   coictj'ts • i r«; invrlvcc rr.c eld ones 

were aeer. in u ciifurvnt lii.l.t. 

Suconci, auc  more bauicbily, a uiilft in piiiioriumical (»rientiiticr, \:Uü 

rcouireu. In the :.ewtonlun scit-nceu, there ^s a reaiUy m.t thorc anJ this 

reality is cieticribtd !>y our scientific knowledge and t!>"crit.s r.nd the reiationships 

in reality are flven hy rut lofi.c ami rathenatxes. In the contemporary vi«:w, 

scientific theories are our reality and this is the only reality we arc privileged 

to know, i.o laatter how originally Mnarre, cci«;itlfic tliooriea t.old, s'l^pc- and 

restrict our perctjntions and become our reality, dopencimt upon tlieir aliJity to 

encotipass, order and prorict oi'fujrvation,5 For Uie i;e\.toiii.n.n mini', tine was ^o 

^ In nineteenth century physics. It v;as p.ssutned that abstract syrl-cls of the 
theory could be translated into observation. It was thought tu asur^nents could be 
made without difficulty. Finsteii; iatrocluced descriptions—operational definitions 
--of how neasurements would tahe place as "an eKüer.tial part of the theorv," (Frank, 
1955, p. 20) 

Einstein would not have completely apreed ;;ith this  sor.iev;hat idealistic view. 
i.e would have gone so far as to say that theories are constructiotis of the mind. 
"Science is the attempt to make the chaotic diversity oi our sense expurioncc 
correspond to a logically uniforn syctem of thought .... The sense-exptrlences are 
the given subject-matter. Lut the tlteory that shall interpret them is man-made." 
(Einstein, 1953, p. 253)  liut lie woult slso assert that there is a reality which 
the theory should faithfully represent. "Done physicists, anoiif them myself, can 
not believe that we must abandon, actually and forever, the idc-; of direct repres- 
entation of physical reality in space and time ...." (lindtvin, 1953, p. 2G1) 

While hinstein himself thus kept one foot in the realist world, the realist 
philosophy was struck a fatal Mow by the theory of relativity and l^ter cevelop- 
raents in quantum theory. With re.^ara to relativity, for exan'rle, a characteristic 
of the theory is the "abandonment Oi nvchanlcal analogies ....  Instead, a loRical 
empirical mode of expression is empljyed; that is, a system of mathematical 
formulae is piven ami the operatiuns are described by which the magnitudes can be 
measured empirically." (Frank, 1947, p. 249)  I.echanical analogies camouflage 
the analytic structure of theories. !Jy blowing away this smoke screen — this 
reality component — theories could be seen as floating above the world of 
observations and connected to this vorld as dirigibler are connecteii to the ground 
by lines we call rules of correspondancc. An excellent presentation of what I 
am calling the post-I'ewtonian perspective on iiciencf. is jjiven by Ilcrgenau (195C). 
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obviously an absolute n.-.rt of phy^icrl reality that tic-rt' was no doubt that events 

occurring at tho anr.;e clock tint uccurreci »luultanoously, tl'at time was universally 

the sar.e for all thlnrs. 

Ocidly enour'n» while natural scientists, until recently, found It most 

difficult to believe physical tine varied by observer, social scientists have long 

felt that tine has  a subjective component.  The sense for the passage of time can 

vary for the observer and the activity.  Uhlle I'm wrltinn this paper, for example, 

tine is movinj; with jjre.it speed; an iiour is a fleeting nlnutc ano a page of 

scribbles, Uhlle fitting in a dentist's chair, however, each second of a minute 

has a palpable identity of its own; the memory of each minute Is sculptured in 

enamel to be slowly erodeu only by the passage of months. 

Tine not only varies subjectively but also culturally. Different cultures 

perceive ami treat time in cllferent ways (Hall, 1951/)/' This is never more 

obvious than when r-.oving from one culture to another, where standards of punctuality, 

where the value of ti;«; (euch as the peculiar notion that tiv.;e wested is time lost) 

6 See, for example, liell (lS5y), ßarker (1963), and KluchhoL» and Strodtbeck (1961). 

"Within the human frame of reference, there are ... different institutionalized 
siraultaneitieri .... Vlieii differences are due to different units, if not exactly 
of neiourement, than of perception. 

"There are thus not only different lengths of present (hox/ever diffuse) in most 
human behavioral situations but there are also different layers of present ..,." 
(Lolaja, 1969, pp. Ü-9) 

^ "It appears that what ia  contJiüered in a culture as simultaneous is not only a 
variable, but in many instances a function of a number of persons or groups 
involved." (I.olaja, 1969, p. 15)  For an historical study of mankind's reaction 
to time, see i'randon (1951). 
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and where ti.e unit« of tl; e vury, Ir sj'ltc of tiAa  rolet tvl;itlc vie. of social ttev 

(as distinct fron ehe physical tine of the natural «cientlets) to uy knofJccgc, few 

social scientists have built this perspective into social theories.  1 knot* of no 

theory  of international relätlons that has done oo. Althc-jp.h, fur c:.ai..ple, nnny 

Kurt Lewin's concepts of einultaneity and tinv uercr.ectlve explicitly butJd 
relative time into Ids topoloyical life space, üy  contemporaneity ue ceans "that 
the behavior b :!t the tine Jt is a function of the :;ltiiüCion £ at tiie time ^ only 
(£ is weant to include both the person and his psychological environment), 

and not, in addition, a function of past or future situation!» t        or S  ,..." 
(Lewin, 1964, p. 4«) Then of the field exlstinp at tirx* ,t. Lewin later (p. 54) 
says, "It is important to realize that the psychological past ami the psychological 
future are simultaneous parts of the psychological field existing at a giver tine 
^t. The time perspective is continually changinf. Accoreinf. to field theory, any 
type of behavior depenus upon the total field, including the tine perspective at 
that time, but not, in addition, upon any past or future field and its tir.e pers- 
pective. Sec also l.olaja (1969) for another example of social theory usinjr 
relative time. 

By theory, I raean ar interpreted analytic system of a logical or nrthematical 
nature. The Important thing is that the structure of the theory Ic explicit enough 
to enable checks on logical consistency, deductions, ard disconfomatlon of 
predictions deduce«.! from the tl.eory. This orientation towaror? theory is captured 
by Hempel (1952, p. 36) in the following; "A scientific theory mlpht ... be 
likened to a complex spatial natworii: Its terms ere rcf rcaeriLcd by the knots, while 
the threads connecting the Ir.tter cerres^ond, in part, to the definitions and, in 
part, to the fundamental and derivative hypotheses induced in thf; theory. The 
whole system floats, a« it were, above the plane of obnervation and is anchored to 
it by rules of interpretation. These night be viewed as strings which arc not rart 
of the network but link certain points of the latter with specific placca in the 
plane of observation. Ly virtue of those interpretive connections, the network can 
function as a scientific theory: From certain observational unta, we nay ascend, 
via an interprotlve string, to üor.io point in the  theoretical network, thence 
proceed, via definitions and hypothewes, to other points, from whicn another 
interpretive string permits a descent of the plane of oi servation." 

I do not subscribe to the social science practice of callinf! thuorles those 
loose conglomerations of hypotheses and speculations that prevail in our field. 
How one moves from idea A to idea D in these speculations i;.; often obscure; what 
can be deduced from within them or from them is unclear; and how these speculations 
woulu be subject to empirical test is unanswerable. 
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hav« pouuti that Cttux** n*  In :b<i4! r^i or Mcl(»»f«llilc«i MC »««M»!« 4I«C«M^«I 

•ffdcc nattoiwil bwii«vlof( tlN,rc it no tutjrkClfw CIMI rfftimcc« I« MClml turn «r» 

•i«o raliivMtc. '.Itc «BIM. c«l«t<4.«r tJtiw ^c* tutl««« 1« •cct.,"!«!,, iK^r«clc«llf MM 

pr^ctically, «a lc«itiClcal iar «U Mtlont :r daaCilbluc cK,«t actrlb«C«a «nd 

bahavlor anu forecast lac futur« inccnMCIonal rwUUcn». U my U( to brUi| «• t« 

th«j point of rh'ii in traduce Ion, that li»* fiou» «s:ff«r«r(lr lor oaeli MII«^ wi 

that tit« ir the ir.tvrMtiOfu.! aystct la ■ttltUI—n>local. 

Tliia aucewntion provcl'sa prohlcna i'hleh at fim a«MO lAaoroewitai!«• htm 

can vc rwlaciviau tiav ac a part of aociai bdiavior. Kor* ap«iclf Ically, hov can 

v«i Mthwoatically etworiaw tiaw ma i. coordlaatw aftla of aocUl ayacit Uhat 4k*« 

cha notion of aultidlaon^ioaal tit« naan lataltivaljr au. Mthauatlcalljr witkta 

a codal tpacc? /. vohicla for aodwarltkr, t^iw.'v qu«6tlo«b ic aJroady foum; la Ilka 

jocial ficlo theory cwvelopud «l^t.vhoro (RUKMI, 1963, 19Ma( b). 

Fluid theory avi-untf- that the bcliavler and attribute of aaclaaa üavo caa» 

plax interrelation: I ipc ano ar«. corxtaatly in flux. I^rjovar, Idhavlor and attrl- 

butcc for« a field of rclationehlp»—a ftaetalt, oo to cpoak*-.*iteb that to asplala 

Thic view ovcrlapu inplicitly with the power traneitloo thoory of A. F. K* 
Organt:ki (I960, Chapter 12). For Organuhi, international politico la a fuactiao 
of the ties thct bind nations ano the differontial aprcad of Induetrialia^Cion* In 
the course of induotrializatioo, natlone no through ata^aa in th« devolopaaat of 
their power and tlicsc ctagec roprecant diffaront DacBltudaa and ratca of change in 
power. At each point in tine, therefore, Organcl.i la inplyinc that natiaea ara 
changing alonf, different pov.cr-tU.o pathe and that iwtianj will therefore behava. 
In part. In tore of tlurir relative locatlona on these patha. 

12 
A basic purousu of this paper In to elaborate on aou extend the aixth axiaa of 

field theory, which atotor. th/it the direction ana velocity of oovaMnt over ttee 
of a dyad in behavior opace ic Along the raaolution vector of the diataac« voctera 
between nations in attribute apocu. Since few readara can ba expected to have a 
familiarity with the nature or perupective of field theory, the davelopaaot of the 
axloti is being treated in a rtore general context« 
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I i 

«tw«( i*« rwMir»«! u««» Itn   km ' ««xl*! $!^c»     ->■••« tp «i   I'M' (.nflniiiir« of 

fill« Mcfcl ftf#c» I* lift« lb* ft*«M^l #««■<« 4rr««na «*, «rrofl  cK« MS.!.*« «p-tc« 

tf«l|«r«   III«  fO0lll<« «f  «rllMV»   III  *t>#ff   ^llr:Ki«,^   t««    H«!-*!^, 

Al flr^t vi«Mf ihu MKI« 1 '«««ft« «Mw^ffii «rftiir I« «r ^ r^clMäuiic..! 

«fctirjcti«»,     4« :*a«r«ftliir <Bi«'i*iic t*** o* ll'ilc u««   lu um.«r»i3it«lnf 

HO« fwrtrvctiv« I» rlom, I» UiU of l.*%lr (i;*4)v t4«* ihoorUd« tbri th« 
WkmrlMr of iMirfciKslo l«l«i otic» It. s, III«   .^cc«.    Uvl •*• ficla in«try ot«rlapt 
Al 0 —lit Of fffi.l« • II!. Ifce«r7 ttftftt ^«Vrlof«^ here,   llM«u«ii4S **>• -'H«^t  to 
fOMWirlio Ifcr MH.1'1 «IMCO,   * ri«n (IViS, duplvr i-') «No d**v«lopf r flrld 
Ikoorjr« pro*«(ii«r i».?ilot-« *• «osm« tnto * ««Ul&l-^ »ic^i'l M nsljrtfc rii.li!.M 

I« bocli UvJo*« f^ntf ' rlibi*« ^«v«lof^oet», N^^^cr, U«- tuisl IT* iavolvoti ar« 
■o« clocr «•* tiio «tmctirr« %cw» ort loijollf or fvitMitviu.-lly h^ iop«thvr 
•offIclootly tvf tfi^nctlf«.* nr tv^t* of iNur Hworl«'  t** t^» r^«.«, 

|4 
COCMOO *'<•, Untllfff (15*) f ilo*o«i icillr ^rr««04 CMI lumcldl «clcMim« 

•lMNll4 MOO  III«   tOftfllll*  Of   «OCfill   tfWC*   rj*» «lft«li«lcf«»   to   Cl'tfVflU   SkoUt   MUClO- 
lofic&l f**m*vrj In t!« ^r-io «*!«• ihisi iwititrol nclofiiliit« i. ^ u*t4 tit« rpnc«pt of 
opftc« to i?«^! «ttirs—ii^ »'•it»* r*r»tnl «v«ni#.    I c«^»»!.vr Unth» to K? m iittol- 
loctval loromnw o« tbv «JM of tmor? bl»«-uM«d he -c. 

for « c^rolul Mo lofoff*^«. <i!orH«eion o; t^« rclc oi   -kftir^cttcnt !•■ IMKI.:! 
tkoonr, ooc rlM*ldoa (19M).    i,iifortiio-l«lvt $h«l4oi *>   vm$s* IK litt!« Lnotrn, but 
I »o«l«l tufunmnt ft lo cmxplcumt «»•ntr*« flv«*) tmcn r<*«Vrinc^<t Jlsruf^ston 
of iboory in lbs tocUt ocloncoji. 



internatioivl r<!.t!.:v.     • ii  tumo«.'»   irc t«rptr-d ti> t  i^ w!«/ iil..*ulw refill» 

16 
that pliyslc::! r^r.a-  (ti :io Kvn .  ;.tl;i-: tt.*-1 .tüNtr^ctiui. —nn ini.l<iien<ia6l« on« 

to natural sci'i.t«-. A.» .* .-«th«,'.lUt'al '.;• <* ■, aovial «p.itc '.< ikiJi.< i«y n not  of 

dit.enslcnr n .♦licl» t!.«- utirlbutun .-II«! '»cticvliir?! oi nariii«! an avpipdwit. Thma 

dlufinsloi.. spati eV.o nod. 1 t<paiv nuw partition ii litt» t;-fi lin««r ii-atfßoitaeiit 

luterrelationtüiip^ — nets of caueu! Influence:! .in., afueti/ — o: lytin." in soci«! 

space. 

For tl-.eorutici.i rei-iun*, tii« serial Hpuru can w  <.lvi«iud inte l»e! flVlor and 

17 
attribute sutspacc«,   'ihc forrcr «fulspact- conpriiA-»« the I ehuvlor of oyaus, such 

as thy U. i>. behavior towattl-. West ' crr.ar.y» and each dyad IT.M a nrojfctif». on tho 

V.e  täte physical .«pace so r..tch for » ranted that it is hard to bcllevt' that it 
and notion v/lchin it (ra it fuitctions within fcicntiflc. tht-ory) are rathenatical 
abstractions. On thic, butUTflcld'r. (IVS^, p. 04) conr.ents are nor.t pertinent. 
"The HCientific revolution i.; ro«i cir.nii'lcar.t, anü its «chiovomen»a are the most 
rosnrkablc, in tno fields of astronony and nochanicu. In tho former realm the use 
of experiment ir ar.v ordinary aenjc of ti c vord can licialy be expected to have had 
any relevance. Ii. regard tc tit« latter ve nay recall vhat v<: observed Khcn we were 
dealing v.'lth the proLIcn of notion — Iiov; it seemed rensorai;lc to say that the 
great achievmnunt was cue to a transposition takiur place in the r.imi ot* the 
inquirer hinsolf. ».ere urn a nroL'len v.'hit:h only Lecarut r.aiu'r.uablc when •fn a 
certain sense it had Leen 'j.eonietriseu', so that notion had come to he envisioned 
as occurring in tho crpti.nct:s of Archlnedian space. Indeed, the modern law of 
inertia ~ the noderr. picture of bodies eontimiim- their notion in a straifrht 
line and av;ay to infinity — v;a.s hardly t thinp wideli tlie nuiian tiiroi would ever 
reach by an e:cparlr.ent, or by any attenpt to nahe observation pore photographic, 
in any ca.se. It depended on the trlcl of sceinr. a purely !'.eo!.ietriral body sailing 
off into a kind of sptce which was ecnt.y and neutral — utterly indifferent to 
what was happeniup ~ like a blarl: siieet of paper, equally passive whether we draw 
on it a vertical or a herlzontu] line." J'ec al.:o lürgcnau (1-JÜ, pP» 1-7-12Ö). 

These are net linearly indupencent subupacer, si.ch that the behavior subspace 
plus the attribute subspace equals social space. As v.ill be seen later, the 
behavior subspace is irioedded in the attribute subspace. liathcmatic.illy, it 
would be correet to say that i.ocial space is attribute cpace and be!iavior is a 
subspace. For conceptual clrrity at this ctage of the discussion, however, I will 
treat attribute:! and behavior fis sub»paces. 
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illawnclont c( t!.« «uh; pert-. u Tho!.'-- «;i::.onjiI'-.n8 i!.ud operate as coordinatA axes 

defininr din locatioit of vucU  uyad a:. & point Ii. the sju'cis, i 11 ch« possible dyads 

can h« thought of nu  «van-r of points through tlvie, •..ln.rc euch point has a definite 

position in a nvam rulatlve to other points an; each point hau  a projection on 

the behavior «liuontilous partitioi.lnc the Intorrclatlons'nips auonf; the behaviors of 

19 
nations. 

18 
Although bi'liavior in irternational relations is usually dyadic, thcoriey. and 

enpirical research usually havi: been on conads, th.it in,  the- total behavior of 
nations. And ruuearch questions are asked monad1rally, such aa what is the 
relationship betvuen econocic development and foreign behavior, between domestic 
and foreign conflict, and between democratir political sysueus auu foreign policy. 
This donir.ant perspective, which I call attribute theory (Ilucanal, 1969a) is 
theoretically fruitful, but should not obscure Che possibility of alternative and 
complementary fomulotions in tctt.s of dyads. 

/> nensdic perspective on behavior also governs social and psychological 
research. Seurs (1951, p. 409), in trying to weaken this nonadic dependence, argues 
that "11 personality and toclal behavior are to be Included in a single theory, the 
basic monadic unit of hvhavlor must be expandable into a dyauic one, A dyadic unit 
is one that deucrlles tin: combined actions of tvo or nore persons. A dyadic unit 
is essential if there 1« to he any conceptualization of the relationships between 
people, as in the parent-child, teacher-i-unil, husbnnd-wil'e, or leader-follower 
instances. To hnvc a science of .interactive everts, ore i.iu&t have variables and 
units of action that refer to such events. Uhiie it is possible to systematize 
sous observations about individuals by nsinp uonacic units, the fact is that a 
large proportion of the properties of a person that conpese his personality are 
originally fomed in dyadic situations and are measurable only by reference to 
dyadic situations or symbolic reproauntations of then. Thus, oven a monadic 
description of a rcrson's action nai.es use of dyadic variables in the form of 
social stimuli." 

1° 
' The concept of "behaviot space" in field theory is sinilar in some respects to 

Tolnan's psychological behavior space. In describinj» this space (1951, p. 297), 
he says that "a behavior space will contain not only particular objects but also 
their particular spatial and temporal, or other, relations to one another. Or, in 
other words, the "tn iium" (i.e., the "cirections" and "distances" constitutive of 
a behavior space) nay be not only i>patial and temporal, but also mechanical, 
aesthetic, mathematical, or the like." 
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Siuiiarly, uti nttrll utc- snnco*    oi  nations, can alno be deflnud. This space 

would locate individual nations as points in teru.s of thv.  projections of nations on 

the attribute d.ironsIons, Since thu uimenslons; of attribute space subsume all the 

variation anomj the attributes of nations, locatln;- a nation on attribute dimensions 

is lu effect locatint, it in terms of its similarities and differences from other 

nations. 

An Inmiediat« problem is how v/c should conceivt; of the orinin of these 

spaces. Here, the nnsumption that behaviors and attributes arc relative is 

central. It is not a nation'J absolute attributes and I tihaviorr. that are important, 

but rather how his attributes and behavior?; compare with ofmrs. In other words, 

the origin of behavior and attribute spaces should be relative to other nations: 

it should lie at the mean values of behaviors and attributes. 

lae assumption of relative attributes is also basic in another sense. The 

relative similarity and differences between nations affect their relative behavior 

toware each other. They act toward each other in term« of tl.e similarity in 

economic development and political orientation, in terms of cultural and religious 

similarity, and in terms ov racial and lanf.ua^e similarity. At the individual 

level, this idea borders on conmon senae. Like marries like. Those sharing 

cultural and social traits tend to live close topether. The poor behave differ- 

ently toward the rich than they do toward otherr. who arc poor. 

20 
From this point on, I will use the term space, with the understanding that for 

attributes and behavior we arc considerin". subspacos, 

21 
For example, since height, width, and length arc dlmensionc subsumning all the 

spatial measurements of boxes (such as volume, total surface area, and the area of 
any side), plottiup bo::es in the space of these three dimensions in effect locates 
boxes in tirms of their spatial characteristics. The relative location oi boxes, 
in this three-dimensional space, then,measures the sinllarlties and differences 
among the boxes on these spatial characteristics. 
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The assuDptlon tliat siuilaritlcn and differences affect behavior is an old 

one in the social sciences. Much of this research has been done usinf the more 

22 
precise tern social distance.  where those less alike in their attributes are 

considered more distant, Uith the exception of Ouincy Wright (1942), the notion 

of social distance has not played much of a role in international relations theory 

until recently, Hov.', a exeat  deal of attention is bein^ given to rank theory, 

which postulates that interaction between nations is a result of their differential 

status (ranks) on social status variables in the international systera, (Lagos, 

23 
1963; Geltung, 1964; Gleditech, 1969) 

Kations, as well as individuals, not only behave in terms of relative social 

24 
distance but also as a consequence of their geographic distance from each other. 

22 
See, for example, Landis, Datroyler, and Dorn (1966), larkraan and Sauyer (1967), 

Priest and Sawyer (1967), i'erckhoff (1963), Glenn and Alston (1968), Laumann (1965) 
and Warner and DeFleur (1969), 

23 J    Rank theory as it is being developed under the stimulus of Johan Galtunp and 
the International ^eace Research Institute in Oslo overlaps vith the theory that 
behavior is dependent on social distances. However, it is also mathematically dif- 
ferent in a number of aspects resulting from their concern with ab.solute differ- 
ences. 

I think the concept of social distance is a direct link into the social status 
literature In International relations and also a bridge fron this sociological 
perspective to the work of Deutsch j* ajL,(1957), Wright (1942), and Russett (1967), 
At the sociological level, others have seen the connection between social distance 
and status. For example. Laumann (1^65, p. 27) writes that the "focus upon the 
differential social interaction of various social elapses or status ctrata as an 
important attribute of a stratification system immediately suggests the possible 
relevance of the concept of social distance for the analysis of such systems, 
inasmuch as the claos structure is here being conceived in terns of the differen- 
tial degree of social distance and resulting differential interaction beinf- main- 
tained among the various members of the community." As another example, Van Den 
Cerghe (1960, p. 156) introduces his research on status by saying that the "central 
concept to be used here is that of distance as a mechanism of stratification. Some 
form of distance is presumably a functional prerequisite in any social situation 
involving authority, hierarchy, or stratification." 

24 For a bibliography of systematic studies employing geographic distance, see 
Olsson (1965).    For a    helpful discussion of geographic distance and international 
relations, see Wohlstetter (1968). 
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rations that are contiguous vill hnve a spiicial salience conparecl to nations that 

are distant. The sharp impact of the Soviet union setiiu;, up missiles in Cuba, 

scvie ninety miles fron Florida, is  still vivid In uy rninci as an example of this. 

It is not only how similar or different you are from another that is important, 

therefore, Vut also hovr physically close you are. 

Distance, whether social or ßeographic., i« a basic force in social systems 

95 
at all levels and should have the status of a social lav:" the relativ«; behavior 

of social units tov.ard each other irj a function ol  their relative distances from 

26 
each other.   The social space of nations, concequently, consists of a field of 

25 
By social l/iw, I r.ean a universal statement about social behavior unqualified 

as to time or place. In this definition, 1 disagree with Kerton (1957, p, 96), who 
requires that such a law be derivable from theory. Laws can be derivable from 
theory, of course, but they also nay be the axioms of a theory as in field theory 
and thus not derivable from it. 

One source of r.lsunaerstandinr; of i.y  definition may be the concept of universal 
statement, I an ULsinj- this in the loricrl sense, where for simple statements there 
are three types: universal, particular, and singular. Thus, "all nations trade" is 
a universal statement which  I v;ould call a lav;, "roue nations trade" or "France 
trades" are ntatemer.:.s that I would not call lawlil.e. Tyin^. the definition of law 
into the classical analysis of statctuents thus enables the logical relations within 
a theory to be made clearer. 

Most, if not all, students of iriternational relations will want to pose at 
least a few and probably many other factors affecting international behavior, such 
as perception, the personality of the leader, unique circumstances and events, 
topographical elements, nationalism, international organizations and law, strategic 
position, third nations, am! the hallowed balance of power configuration. What I 
am doin^ is trylnc to reduce international relations to a fundamental abstract, »n 
—a social law that holds, when other things are held constant. The law is an 
ideal, then, against which the deviation of observation.', can be given mearinp:. The 
effect of third nations on, for example, the behavior of the U.S. towards Egypt 
is considered as the effect of air resistance on motion, I an seel.inR the laws of 
motion, so to speal., and once found these other factors that are the favorites of 
students of international relations can be consif'ered variables modifying predic- 
tions from the laws. Those tvho wish to read those other factors into the theory 
at the outset are, it appears, Raconian ir thiir outlook on science, 

Tor rrancirj i;acon, science wa? the accumulation of facts and generalisation 
from them, Lc__"misjjed the point of that kind of ficiente which was to spring from 
fialileo ,.,, Jy>acorJ  rtparded rathenatics merely as the hancmald to physics, and 
actually complained of the dominion which it war. beginning to exercise in that 
science. It was all very well to do suns on the results of one's experiments, but 
bacon specifically disliked Galileo's nethod of turning the problem of motion ,,, 
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27 
forces Lrlnglnf about behavior.  Social auu Geographie  dlytances  between nations 

are the forces; the locatiou in behavior space of a pair of nations (dyad) is a 

resolution vector of theso forces. In field theory, this relationship is stated 

axiomatically as 

P 

Vi.k' ^1 V£.i-j» (1) 

where the tern on tiie left is the projection of nation i'c behavior to nation j on 

the k  dimension of behavior space and this is a linear conbination of the 

weighted (by parameter a) conbination of the distance vectors Letv/een 1 and j on 

the p dinenslons of attribute apace. 0 Since the origins of attribute and behavior 

spaces are at the means, equation (1) also incorporates the aöKur.:ption of relative 

behavior and relative distances. 

Given this brief sketch of a field theory orientation toward international 

relations, how are >.'C to fit tine into all this? Specifically, how are we to 

interpret and conpute distances on social tine dinenslons? The following sections 

will deal geometrically and algebraically with these questions. 

26(continued) 
into the problcn of geometrical bodies noving in geometrical space.    Far from 
wanting to read away the air-resictancc. in the uay the new school of scientists 
were doinp, he wanted to add other tilings to the plctun—for example, the tensions 
that were bound to take place within the moving bodv itself."O'Uttorfielci, 11'59, 
p. 106) 

In trying to reduce international relations to a fundancntal force, I t'o not 
differ fror, traditional theorists. Hans üorf.enthau'c (U'b2) insistence on power 
as basic, is well known; others, like Liska (JP5t.) and Grranrki (196Ü) have also 
reduced international relations to either the interplay bctvecr power and norm or 
power and cooperative bonds between nations. 

27 
Geographic distance is not bein<j added on here iu an ad hoc manner. Ceopraphic 

attributes are considered part of attribute space as discussed in footnote 4 7. 

0 Ki'rt Lewin perceived his field theory in psychology to Le a mothod.  '..•; he put 
it (1964, p. A5, italics omitted): "rield Theory is probably bist ciiarfict en^ed as 
a method; namely, a method of analyzing causal relation.}-- and of building scientific 
constructs." riclii Theory as 1 have been developing, in this paper and t Isewaere 
(Rummel, 1969b) i^ more than a method. It is a theory of social behavior stating 
explicit relationships, as given In equation (1), between attributes and behavior; 
it is testable; it is falsifiable. 
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II.  GL01ILTRY OF JOCIAL TIL:. 

To begin with, natious are conceiveo of as points in a social space defined 

by independent üiueusions.   The behavior und attributes of nations are fully 

described by the projections nations have on the dinensions of social space. 

Social space Itself can be theoretically divided into behavior and attribute spaces, 

within which nntiona and dyads are conceived of as vectors. Figure 1A and IB 

show these spaces for three dinensions.   To illustrate how nations are located, 

only three nations are shown in attribute space and two dyads in behavior space. 

A label on a dimension represents the particular attributes cr behavior most 

linearly dependent on the particular dimension. 

These figures give the basic social picture Involved in the notion of 

social space. An Itmediatc question concerns the logic by which we arrive at this 

representation end the manner in which we can empirically define the dinensions and 

projections of nations and dyads. For what is the purpose of such a theoretical 

20 
' Because the geor.etry and mathematics of International relations to be intro- 

duced may be intuitively strange, at first, some nay wish to use this lack of 
intuitive fsnillarity to ar^ue against the theory. In defense I think Margenau's 
(1950, p. 150) comment suffices: "Ease of intuition is not a significant criterion 
of anything, for it can be acquired by training and has as wide a range of 
variability from person to person as has color vision." 

30 From the research done to date, these spaces for 1955 and 1963 appear to each 
have more than ten social dimensions, i.e., to be at least ten dimensional. 
Economic development, size (or power bases), and political orientation dinensions 
have been found to account for around forty percent of the variance in attributes 
among nations (Kunmel, 1969c) for 1955 and about thirty percent for 1963. 

The possibility of at least ten dimensions for social space may seem strange 
and absurd to those who are comfortable with four dimensions of physical space. 
This is not novel to science, however, such nultidlmcnslortality "Is at least as 
old an Lagrange, who published his famous treatlsu on 'liccanique analytlque' In 17S8, 
and there is nothing strange or Inherently different in Gibb's theory of statisti- 
cal mechanics, which operates with phase spaces of 10 dimensions and more." 
(Ilargenau, 195C, p. 1955) 
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31 
representrtion if vc cunvot  ultii-i-itcly Hi. it  dov;n to observations.   Let us, 

therefore, move hack to some initial yvmuitric  and alj^o! raic considerations and, 

kceoinp contact vitb.  observation, develop the intcrpretatioi: of tir.e hinted at in 

32 
Che introduction. 

In developinr; field theory, I an explicitly tryin>; to avoid the najor deficit of 
mathenatical theories«nd'^ociols in tiie social sciences. Ass fftauffer puts it (1957, 
p, 30), too "i.iuch of wh.it oaftces for rathematical model heildinj: in the social 
sciences — econonetrics affords numerous e:;anplns — secna to be an exercise In 
equation writlrr with little or no concern over the ways end  moans of relating the 
models to enplrlcal pht^nocena," Unfortuiiatcly, the attempt to lodge field theory in 
the methods and data operatioas by which the theory can le related to observation 
has been a major source of Misunderstanding, On the one hand, mathematical modelers 
accustomed to equations unencumbered by connections to techniques or observations 
see field theory as the dev^loprcnt or elr-boration of a methodology frr handllm: 
data. On the other hand, empiricists used to applying various techniques to data see 
in field theory Just another use of factor an.:lyGi;5 to obtain dimensions of national 
attributes or behavior, 

32 
Some may wonder why I do not "operationali::e" social distance and just do a time 

series analysis. The answer is simply th.it I do not believe that science makes 
great advances by such inductive procedures. A theoretical context ~ framework ~ 
must be f»iven to puide the definition of facts and the analysis, as well as to Inter- 
pret the meanlnr, of the results. For er.ample, with regard to the concept of Inertia, 
IJutterfield (1^59, pp. ^-5) argues that "as writers have clearly pointed out, it is 
not relevant for us to argue that if the Aristotelians had merely watched the uore 
carefully they would have changed their theory of inertia for the moriern one ~ 
changed over to the view that bodies tend to continue either at rest or in motion 
alon;; a straight line until something irtervenes to stop them or deflect their 
courfTO. It wati supremely difficult to escape from the Aristotelian doctrine by 
merely observing things more closely, especially If you had already started off on 
the wrong foot £ne were, hampered beforehand with the whole system of interlocking 
Aristotelian lueas. In fact, the modern law of inertia is not the thing >ou would 
discover by mere photographic methods of observation — it required a different kind 
of thinkinn-cap, a transposition in the nlui of the scientist himself; for we do not 
actually see orüinary objects contir.uing their rectilinear motion in that kind of 
empty space which Ariütotlc saiu could not occur, and sailing away to that infinity 
which also ho said could not possibly exist; ane we do not in real life have per- 
fectly spherical balls moving on perfectly smooth horizontal planes ~ the trick lay 
in the fact that it occurred to fiallleo to inajjine these," 

A theory allows us to imbed operationall^d concepts (and attendent observables) 
in a mesh of unohscrvabla abstractions that serve to explain observations. This 
aspect of theories his Ion;: been pointed out by historians and philosophers of 
science (such as ;jurtt, 1959, and Popper, ll'di" . Jiurtt's book was first published 
in 1932 and Fopper'a was first published in Ceman in 1934) as •.'ell as scientists 
themselves (LlnFtcln, 1054), but i.empel was one of the first to bring this before 
social scientists. In ills r.-ords (1952, pp. 36-37), "the theoretical apparatus which 
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32 (continued) 
provides  ... predictive and postdictive bridges from observations data to potential 
observational findings cannot, In general be formulated in terms of observables 
alone.    The entire history of scientific endeavor appears to show that In our world 
comprehensive, simple, and dependable principles for the exploration and prediction 
of observable phenomena cannot be obtained by merely summarizing and Inductively 
generalizing observational findings.    A hypothetico-deductive-observational proced- 
ure is called for and is indeed followed in the more advanced branches of empirical 
science: Guided by his knowledge of observational data,  the scientist has to Invent 
a set of concepts — theoretical constructs which lack immediate experiential signi- 
ficance, a system of hypotheses couched in terms of then, and an interpretation for 
the resulting theoretical network; and all this in a manner which will establish 
explanatory and predictive connections between the data of direct observation." 
Although widely referenced, it appears the impact of liempel'- analysis is little 
appreciated by behavioralists in international relations and the socla! sciences 
generally. 

Unobservables aside, however,  the faith in operationallzatlon Is so entrenched 
among behavioralists that it might well be emblazoned on the battle pennant leading 
the scientific rovement in International relations.    The charge "go forth, my son, 
and operatlonaliise" is now such a graduation ritual that I cannot resist using 
liempel (1952, p. 47)  to lead another flank attack. 

"In the contemporary methodological literature of psychology and the social 
sciences,  the need for 'operational definitions' is often emphasized to the neglect 
of the requirement of systematic Import, and occasionally the impression is given 
that the most promising way of furthering the growth of sociology as a scientific 
discipline is to create a large supply of operationally defined'  terms of high 
determinacy and uniformity of usage,  leaving it to subsequent research to discover 
whether these terms lend themselves to the formulation of fruitful theoretical 
principles.    But concept formation in science cannot be separated from theoretical 
considerations; indeed, it is precisely the discovery of concept systems with 
theoretical import which advances scientific understanding;  and such discovery 
requires scientific inventiveness and cannot be replaced by the — certainly 
indispensable, but also definitely insufficient — operationist or empiricist 
requirement of empirical Import alone." 
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Conslcer .'. nT by A r1atrf> ol oi-tuWiitlonr. on n nntltng over T tin« nvrlotiii 

for N attributes.3^On.? ol the colannfi of the fiatri:; It, a scnucntial Han  vector with 

all ores for the first time period, twos ror all the seevnd tit« poricyi«, threes for 

all the thi-rd time p^rioü:;, etc. The or-ahlnation of ihin laatri:: la «hown In 

Figure 2A, Figure Z:>    ai.cv/s a similar matrix tor »ei.avior.   Kote that v'ille on« 

33 The matri;. rcprcsontati-jn for social space .ind tL*-.^ iei.ition«»hips la i(i*li>ctcd 
purposely with an eye tox.'ards the phlloscphical ana thuorotlcal impllcatlona 
involved, listrlces arc coKccivi'd of as linear operator!.-. — as Mack boxe» — 
connecting, the input and output of social phenonenn. IK-y Lypaas traditional 
social theory which "cxplainr" behavior linKajjcs In sue'' ti-nia as roles, nortis, 
goals, institutions, ; nd decision-nal.lnf;. 'lany of these prcsa-ied concepts and 
processes are beinf, treated a» unobservables — as part of tlie unf.nown — of 
social systens, on this conception of natrirca, r.ee bavls (li»<»5. Chapter 7), On 
the philosophical perspective involved, »oe Ahnavaara (Alaoavaava and Markkar.un, 
195ii). The pliilcjophy here is the sarie as that Involved In the use of a natrlx 
representatior in physics. __ 

"It ... happens that the classical ./fl.ysicalT theory has recourse to the 
concepts of motion, nositlori and velocities of electrons, rhlle what experinon*:«! 
observations yield IJ v;ave lenßths and intensities of the radiations «nittcd by 
manifolds of e::ritf.d atons. This would seer: to ihm*  that the basic concepts of Ch« 
theory are of nc account for thej final result. One taay tlierefore be tei.pteu to 
examine how far one could ).o if tie classical model were to le abandoned. Now if 
one were to construct a theory of atomic behavior without invoking the assumod but 
unobservab le olectrcnic notions withtnt the atom, one could hardly do without 
matrice and i.>atrlx algebra for the following, reason. 

"When we examine the pattern of rauiatlen emitted by an a^greftate of atous — 
and this is all th«t ohscr.atlon can do — we may conceive of each radiation of on« 
wave length as enanatiu»! from sonu »-InRlc atom of the aggregate of atoms, and 
throupb it indirectly the state of thu entire aggregate of ttoi..s, r^y thus be 
described hy a succession of numbers ['ivitif; the characteristic v;ave length aiu> 
intensity of each kind of radintion that the aj^rre^ate may possibly cult. Such a 
succession of numbers may be arranged as a matrix. A natri;: therefore la one WY 

of describinr. the r.tate of affairs nrevailinr. wltliin n aartifo3ü cf atons. if wa 
wish to avoid reference to euantitios which, lll'.e ti.i; nosition and velocity of an 
electron, are in principle unobservai-le." (Singh, 1V39, pn, 166-167, itallcr. added). 

an identical matrix (excluding', the tine vector) is employee by Phlilipn (1969) 
to represent the social sp^ce of dynai^ic nation behavior in a theory of those 
dynamics. To Pbilllps, the behavior of a nation at titio t to sonu other nation is 
a"function of the trends unu oscillations about these trenus in its past behavior 
...." Thus, behavior bejeto I elmvlor is the social law and it is abstractly 
idealized in a peor.etric settinr: similar to that ol flulo theory. 
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matrix concerns only nations, the other deals with dyads. This Is a fundamental 

distinction and enables the later representation of social distances as forces In 

social space. 

The matrix X represents an attribute space of nations as pictured In Figure 

3A. The nations for each time period are the Initial coordinates of the space. 

Only three of these coordinates are shown in the Figure, but we can imagine (perhaps 

with a little difficulty) the number of coordinates being extended to all n nations 

times T periods. The attributes are vectors in this space with projections on the 

axes in terms of the attribute values for each period (such as the GIT for the U.S. 

in 1965). Time is also a vector in this space, with the relationship between the 

attributes and tine being j,lven by the cosine of the angles between the attribute 

vectors and the tine vector, such as for angles 0 ane $ in Figure 3A. 

Imbedding tine as a vector In social space as done in Figure 3A is a key to 

later determining the social tine dimensions of this space, iiy being part of social 

space, tine has relationships with attributes (and behavior, as can be seen in Figure 

3B) and it is precisely this relationship we want to delineate further. To measure 

the different location of nations on social time dimansions for the same calendar 

time, we first have to delimit this relationship of attributes to time. 

Figure 3B illustrates the behavior space of matrix Y. In this case, Che 

axes are for dyadc for time periods and the vectors located in this space are for 

behavior. For the reasons mentioned above, time is also one of the vectors in this 

space. 

What are the minimum dimensions ntccssary to define attribute and behavior 

spaces? That is, how can we transform the social spaces as viewed from the perspec- 

tive of Figure 3 to that of Figure 1? Let us concentrate on the attribute space 

defined by observations X in answering this question, since the mathematics will be 

the same in both cases. 
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First, aesutac thüt .". Is ataadcrcizaü by coluons to a ntan of Zero and 

variance of 1.00.   This placets the origin of the spece at the cean, consonant 

with our titaire that the space be couctrnod with relative values, and transforms 

all observations to comparable standard score units. Loch of the attribute vectors 

will HOT' have a length equal to the squcre root of the mmbcr of nations times the 

time periods. This standardisation will also involve the t&e vector, so that our 

original units on the tine vector are irrelevant within a linear transformation. 

36 
With X now standardised, wc wish to define the orthogonal  attribute dimen- 

sions S upon which all the column vectors of X ere lineerly oenendent. That is, we 

ar« after the attribute space dlnensiuns upon which all ».ction attributes are depen- 

dent and which locate all nations in attribute space (like Lest-l est and North-South 

dimensions locate all cities in the U.S.). uore specifically, 

X - SF, (2) 

where S Is a nl by p matrix, p is the mlninum nuuber of linearly Independent dimen- 

sions necessary to determine Z, and F Is a p by II matrix of coefficients. These 

coefficients give each attribute vector of X as a linear coriblnation of the dimen- 

sions (column vectors) of S. In the temlnology of linear elgebrn, the column 

vectors of S are a basis of attribute space X. Given equation (2), the mathematical 

problem is to find 5 and F, v/hen only X is known. 

To begin, multiply (2) on the left by X' where the apostrophe will denote the 

transpose of the matrix to which it is attached). 

X'X - X'SF. 

35 
This standardization is accomplished by subtracting the column mean from each 

observation in that column and dividing by the standard deviation of the column 
elements. 
36 

It is desirable for simplicity's sake that the social time dimensions form a right 
angle Cartesian coordinate system, which they will do if orthogonal. I am using 
orthogonal only to mean that the inner product of the elmensions (or two vectors) is 
zero. If I mean that the dimensions are also unit length, then I will use the more 
restrictive term orthonormal. 
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Then, uaing th^ ctpality of  (2), 

.^X = F'S'ot. 

I'.ccalliai, that X is stanüarül;;c*i uy colu:.::, r„vltlply tatough by the scalr.r i/nT to 

nomalizc all column vectors, 

-r~ .. •• ■ T <   5   '»f       '    \TT ->  j/i» 
tl' ui tu 

Assume that the dlncnsions (column vectors) of J arc stjndardlzco. Then, 

-Ls'S - I, 
nT 

and, 

(-L; x':: «= F'F, 
nT       , (3) 

i.  - F'F, 

where r. is a (product norvnt) correlation nrtrix for all the vac tore .•'.n attribute 

space, as for c-ianpie, the correlation between Clip an« population in Figure 3A. 

Since we are treating the vectors in X as standardised, K also giv~3 the cosines 

of the angle between the attribute vectors. The direction that attributes have in 

social space with regard to linear tir.c is explicitly im.asur>:d in R ..y the correla- 

tion of the tine vector with the attributes of nations. 

The probler. of solving for :> and v in (2) iu HUT/ reduced to solving for F 

in (3), sine* ?. can be computed fror.: a knowledge of X. Froti the properties of a 

correlation tnctri»., WL. know that " io .ynnctric and Graruian. l/e therefore know, 

also, that there in a siriilarlty tranofornation of 11 such that 

H^Rt - A, 

TlL ■» EA, 

R " EAE"1. 

Define E ar an orthonornal uatrix of icenvectors (by column) of R. Then A !& a 
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dir.^onal natrl;; of corrct;pon6ir£ ei;:ci values of I , ant. 

I. - UL', (4) 

wheru the cigcimiluus ii: the diagonal ar- nrccred rroT. high (in upp^r left) to low 

and thb ciG-snvuctora of t arc orderec cccorr.tui  tc thuir eigenvalues in A, An 

interesting ar.c inportant aspect of *. is that it gives the principal axes of the 

cllipsoic foni.;C ii. tl.ö seciei space of attributes (cnc. tin«) by the svarr:. of 

points represcntiuc all nations for all ti:.; periods (in /'). The square root of 

37 
the corresponding eigenvalues in X then giv-, the length of these prir.ci^r.l axes. 

The solution for F in (3) is now 8tralghtfor.;ard, where fror. (3) and (4), 

P. « EAL' *  iZxS   (Xltf) - F'F (5) 

and, 

F - a-'). (6) 

lictrix F defines the projection of attributes on the nininutr .social dimen- 

sions necessary tc define this space. In particular, the matrix gives the direc- 

tion cosineü (which are also correl.itionc) betveen the tin<- vector ane each of these 

3& 
attribute dinensionn.   To illustrate, f.cnunt that in terns of the Attributes most 

37 
The recinrocals of the square roots of the eigenvalues are the liaigttu. of the 

principal axes of the ellipsoid describing the quadratic form involving a symmetric 
matrix. However, in correlation theory it is the inverse of thw correlation matrix 
involved in the quadratic form which determines the correlation cllipsoio. Thus, 
the reciprocals of the reciprocals of the square roots of the eigenvalues, which 
equal simply the square roots of the eigenvalues, are th.. lengths of the principal 
axes of concern to us. 

The solution in equation (6) is identical to the principal conr.onents (in fac- 
tor analysis) of the correlation natri::. F v/ould then be the factor loading matrix. 
Sec liarman (1967, Chapter I). 

The componsr.t analysis of thn correlation matri:-. for the ov.ir ti:.o observation 
matrix laid out as in Figure 2A is sonetincc called "sup :r  P-factor cnrlysis," 

In what follo<.'S I will ignore for simplicity of exposition the problems of the 
number of factors and the rotation of the initial dir.ensioiui to another solution. 
In practice, however, dimensions with eigenvrlues greater or equal to unity woula 
be extracted. Th'-n, the adeitlonai dipensions on \.'hich ti:;e which has r. nonzero 
projection vrould also be included (to assure the tine vector is cor-iplt.tcly contain- 
ed in the social space defined by the dlr.iencione) and these dimensions rotated 
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hi"hly dependent on  tht: fir-t two dirauiiüions, we ar^ able to label them economic 

39 
dcvtloptient and povcr. tdsv  asaurae that the tine vector is fully contained  in 

the attribute space defined by these two dimensions, such that the remaining 

attribute dimensions arc linearly Independent of time.  Figure 4 shows the hypo- 

thetical relationship of tine to the two attribute einenEions of social fcpace. 

The matrix V would ^ivc cost and cos^ , vhoro the angles arc shown in the figure, 

2     2 
and cos 6 + cos .£ » 1,00, 

From the Figure, we can sc* that in attribute space, tlae as a social con- 

tinuum is split into t\:o  linearly arm statistically independent components. One of 

these components is related to the change in economic development of nations; the 

other to power growth. Nations, therefore, for the sane calendar tii^c can be pro- 

gressing at different speed;, and independently in their economic development and 

power. Moreover, ani r.iost importantly, these two dimensions can be defined as 

social time dini:nsic as upon which nations will differ, depenuing on their differ- 

ential prowth and level«, for the sane calendar time. Vie  can therefore meaningful- 

ly measure nations in their social distance from each other on the social time 

diment'icns for the sane calendar tit.c. 

3a(continued) 
to a simple structure (liaman, 1967, pr>. 97-99) solution. 

Fcctor analysis appears to be one of the most misunderstood and misused methods 
in the social sciences. Often it is mistakenly considered simply a statistical 
technique and the nathematical nature of i'actor analysis and its ability to struc- 
ture theories is nf.-nerally unhnown. Yet, its theoretical pay-off is the method's 
greatest potential.  In Ahmavaara's words (1958), "it is more illuminating to com- 
pare factor analysis with the differential calculus, which is widely used in 
physics and chemistry, than to compare it with the purely statistical analysis 
of variance, for instance. The factor theory is suggested to be a mathematical 
lan^ucr.e for the consistent and unified expression of psychological and socio- 
log.'cal theories, just as the differential calculus is a language for physical 
theories."  (idnmavaarr, Yrjo and Marhkanen, Or The Unified Theory of Hind, n. 12). 

The vector would be fully contained if the sum of squared projections equal 
1.00. 
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l.'hat tiiea v.ili 1,,■  u.r i to ;i:i:t ;o.' ci" i>;\tio:.c ii.t'o tf.ls attribute iri.r.e,  and 

narticuir.rly en. li.v  t'ocl.-.l  ti; e ij^ ,  ..citv.; ?     ...a:;  caa IJC uuter-iiict.  by Bolviiif  for 

rutri:; t  in  (~).     .')i:.ce \. .; rov . i.^; ?,  t. c  ..oiJLrrii     i-aniMilutiOiit yielu a. solution 

to t: 

;. *= l>" 

:■■' ~; sv • (7) 

S,  i i ich '.-iii '. t orti-.i'-<•;..-li ly Cülur.u.,  x/iJ.3   uhci. ^ive e:.i.licitly the pro- 

jectictis (üLai.ui-.ruizec.,!  c1   n.itic:.'; <;.< L!..'; .•ji:':r'f:iutc t..ir.eKciünf- cf üccial apyce. 

"or c.:r.r.plu, L   :.'ou1u pivo  t'.;e loctlui   of  luCfci.;. for i:;;ch tli.ie |;yri.)a or. the 

dimensions o^ t   .• ;,\ c.c.<:,  ^ü  illuütr-t t   for just the* U.S.   li. "I.y.ui-c j.    '.liiu projec- 

tions in '.' f.o: eac . r.^ticn ."or tnci. tii. c purlo^ tiiu': eniiile ar. ov(:rtir.i  plot of the 

chanf.o in attributes of a nation,    ''i.tnf.c iü a circuitous . eve; ent ti^rou,;,:; social 

space, r/iiero    even v.'i ^i. iJociijl  t.'.-;e Ir  tal en in^o . (;c<a;nt,   flu; i.ovt-'cnt t.iay ce 

r.itc curvilinear. 

Ml.v.r s ctfii (a is tl.f tioci^l space - soci.-.l t;1. c r'.o'Vi.ient o': o iKitior as it 

chnnjcü,  ro.lativa to otLcr nr..iov£J, o.. it.-; r.nny chiirncterifctic;-..    Lhie novencut 

carvi.»:.: üi:t ü ,-iti. i;. vociil Hnace,  stu;;- fü.  ü. ri;,ure o,  tnat ..ay be mcayurcd, 

{lotted,  and nost ii ^•ort.'.ntl" rclateu to to woci-il  cii c   paths   of cti.tr nations. 

.V; can nov raii:e one   of t!.o nucKtlf rm    osou in tic Lufjin.iiii ..    Low arc we 

to ■ .ciiK'tc. i..i'JtP.:.ciji iu social tir (   lev tlic JU.'C crlcncar titi'-:'    i.et: U;J Iiypothosise 

a; ain t.iat \:c '.nv   tv;o nuclei tiir.c u'liniisionn sue:   ;:.". ..cono'uic Dove lor nciit and 

Povcr,       Fl;;ti);»;  7 rv.rrs i.ypot^tticai social tiiit.- ;,r.tliü  (Croi.. .';)  of  the U.S.  and 

I.j.f'.n.  on Zl.-iC.c t\:o c.lt aiuii-vi:.    'or ü.
J
;.]>1TC1 ty, both nations for oacii calendar 

tir.-io j crioci t is  tnaitu Hü a rc:nt.    . oth nation:, have ciffcrert social tine 

4      i.-tri:: r; is oft-.n c.'.lli-u  the cenpoaent  (or f- ctor)  score natri: . 
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curvcj end the distance vuctort, dt , i\    ,  etc., indicate th«: ua^nltudc and direc- 

tion of the distance between the IS and VHS?  for each of thecc calendar periods. 

Note that if uu were only concerned with the distance In calenear tine between the 

US and USSR, it would always be cero; culencr.r tine for both woulc be the seme. 

However, when ve treat tine as a socir.l dlMension, nations can not: be differently 

located in social tine for the sane calender tine and in relation to all other 

41 
nations. 

Siallarly Cor ic!.r.vioi epnc«., uetri: V car. JC LtuilytiC as vca  11 to yicia 

behavior space ana time diaansions of social space, ilatlotis are coupled together 

in this space in actor-object pairs called dyads and each dyad has a life path 

through this space. The location ant novement of a dyad in this path is a conse- 

quence of thu aocial forces acting upon it, specifically the oagnitude and direc- 

tion of the distance vectors between actor and object at each tire t. 

Figure 8 illustratec behavior space for two hypothetical behavior tine dimen- 

sions. A hypothetical life path for US*USSR behavior in oocial apace is shown, with 

the distances from Figure 7 r.cting as forces on this noveaent. 

The theoretical linkage between the bchaviorai life pr.th and chut of nations 

through attribute cpoce is given by 

Vj,k,t - Jl Ui£di,i-J,t' «> 

where k is a dimension of behavior space and w_ a projection on this dimension, t 

is a particular calendar tine, H^ is the distance vector between 1 and J on the t 

attribute diuenslon, anci a is c space tine parameter for a  specific r.ctor 1. It 

*l Let 1 end J be row vectors for r.dtio.»8 1 and j fron the natrl>: S. Then the 
distance Victor between nations i and J in the space of the social sprtcc and tine 
dimensions is simply 1-J. bach component of this distance victor will give o  pro- 
jection on one of the aocial space and tine oiuensions. 
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should IJC rccnllcci thrt the ainensions upon which the social dißtances ara calcul- 

ated involve those; independent of tire as well as the social time dimensions dis- 

cussed previously. Moreover, geographic dimensions are assumed to be part of this 

social space*2 and therefore the socir.l distance vectors reflect also the geo- 

graphic distance between nations. 

How can the space time parameters in (8) be evaluated? This is part of a 

larger question, which concerns the testing of the whole representation of social 

space and time involved here. Liquation (ü) can bo put in tie following matri>; 

form, 

VK  - DA + e, (9) 

where W is a matrix of projections of dyads involving the same actor i on each of 

the behavior and time dimensions (Ly column) of behavior space, D is a matrix of 

distances (differences) between nations on the attribute and tine dimensions of 

attribute space, A is the matrix of space-time parameters, and B is a transforma- 

tion matrix. £ rotates the dimensions of W such that the first rotated behavior 

dimension has the maximum correlation with a linear combination of distances, the 

uucond behavior dimension has the maximum residual correlation, and so on. The 

matrix c represents error of fit between behavior and attribute space and should be 

minimized, in a least squares sense, in solving for A ana B in (9). Equation (9) 

43 
Is then the canonical model (Hooper, 1959),  and canonical ..nr.lysis can be employed 

42 
Geographie distance is Incorporated into attribute space by Inducing as attri- 

butes of nations in matrix \ throe variables uniquely defining the geographic loca- 
tion of «ach nation's capital on the globe. The attribute dimensions ofX then in- 
corporate variancr. associated with geographic location and social distances on 
these dimensions reflect geographic distances between nations and the relationship 
of location with other attributes. 

*3 See Rummel (1969b) for a more explicit development of t!ie canonical model in 
the context of field theory and for the application of this model to testing field 
theory. 
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to evaluate  the parameters A and to tictüruine the correlation bett/eun behavior 

and attribute spaces over time accorciny to equation (6). This correlation (called 

the trace correlation in canonical analyris) jerves as a test of the theory devel- 

oped here. 

A virtue of the canonical model in llnkinp, behavior to distances over time 

is that lehavior tir.e dimensions and attribute tine dimensions can be linked in 

terms of the overall relationship betveen behavior and attribute distances. The 

result will describe how the differont grov/th on, say power ana econoinc develop- 

ment, of nations relates to their relative growth in activity toward each other, 

III.  IMPLICATIONS 

The discussion in the last section presents logically the perspective on 

social space and time sketched in the introduction.  In the remainder of this paper, 

I will try to draw out some  of the inplicatlons of this view. 

Nations exist in a social space, whose origin reflects the average of nations 

on their attributes over tine and whose extension Is given by the relationship 

among the attributes. Social tine is part of this space and nations have projec- 

tions on the social tine dimensions dependent on their relative magnitude and 

change on the attributes correlated with calendar time. 

The location of nations in social time and in calendar time arc not neces- 

sarily the same. Therefore, nations can have a social time distance from each 

other for Identical calendar times and this distance partially measures the dif- 

ferent progress of the nations along the social time dimensions. 

Since the origin of the space is at the mean values for all nations over 

time, the social distances between nations at one time period arc relative to the 

attributes of nations through time. This reflects the belief that behavior in its 

relationship to distances takes place in a context and that the key to understand- 
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ing Che role of this context is the idea  of the relativity of behavior and attrib- 

utes fron the point of view of the actor. 

The way in which behavior and attributes are linked implies that the time 

paths of the behavior of one nation to another are a linear transfortiation of the 

time paths of their distances, as Illustrated in the hypothetical curves of Figure 

9. If the framework and theory developed here are valid, then, a knowledge of the 

distances between nations at none future tir.u. should enable the prediction of their 

behavior. 

The variation in the space tine parameters by actor implies that the influ- 

ence of social distances differs by actor. This Is due to each nation having unique 

cultural, institutional, and historical characteristics. Each nation will be in- 

fluenced by social distances; how they impact on behavior depends on the national 

character. 

Although varying by actor, the social space-time parameters do not vary by 

time t. This means that to have a knowledge of these parameters for one time period 

44 
is to know them for T tine periods.   These parameters therefore describe a system 

state — a particular configuration of relationship stable through time, where T 

describes the temporal life of this particular system. 

Systemic change is therefore a change In relationships through time, where 

the change is measured by the alteration in the values of the social space-time 

parameters for the actors in the international system. These parameters, for 

example, might have been constant for the US, UK, France, and USSR in the period 

1920-1938, and quite different in the years 1946-1960. Since 1960, I suspect, the 

parameters have again undergone a change with the remarkable shift in the character 

44 
See Figure 2 again for a picture of how the T time periods structure attribute 

space. 
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of the inturnational systmi.  It is inportant to notii tliet If vc definu T as cover- 

ing only the periods within which the parameters are constant, then with change in 

system we have also a different origin of social space. Thus, systemic change also 

entails a change in the perspective of each nation toward others — a change in the 

context of behavior. 
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